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ÅSupercritical carbon dioxide -based 
power cycles of interest to FE

ÅApplication of the recompression 
Brayton cycle to boilers

ÅAdvanced Ultra supercritical steam -
based cycle

ÅAllam cycle

ÅAdvanced Ultra -supercritical 
Component (ComTest) Project Update

ÅSTEP heater

ÅSummary

Overview of DOE Energy Systems - Fossil Energy Power Systems

Presentation Overview

Welding photograph from Advanced Ultra-supercritical Component (ComTest) Project Update, EPRI, DOE Contract DE-FE0025064
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Allam Cycle

Å Fuel flexible: coal syngas and natural gas

Å Incumbent to beat: NGCC w/ post CCS

Å Compatible w/ RD&D from indirect cycle

Å >95+ % CO2 capture at storage pressure

Å Net water producer, if dry-cooled

sCO2 Power Cycles 
Two Related Cycles with Multiple Applications

Recompression Brayton Cycle

Å Multiple applications: FE, CSP, NE, WHR

Å Incumbent to beat: USC/AUSC boilers 

Å >50% cycle efficiency possible

Å Extremely compact turbomachinery

Å Adaptable for dry cooling



CO 2 Pressure - Enthalpy Diagram for RCBC

RCBC = Recompression Brayton Cycle

State 
Points 
(SP)

Function / equipment

10 - 1 Heat addition / boiler

1 - 2 Turbine expansion - work out

2 - 3 High temp. recuperation w/sp 9-10

3 - 4 Low temp. recuperation w/ sp 6 ς7

4 - 5 Cooling / heat rejection

5 -6 Main compression

4 - 8 Re compression



ÅIndirect -fired supercritical CO 2 power cycles are being explored 
as an attractive alternative to steam Rankine cycles for a variety 
of heat sources including fossil, CSP, Nuclear, waste heat etc.

ÅUnderstanding the performance and cost potential is important 
for future investment into the technology

Å Study is first of the kind to optimize sCO 2 plant designs using 
simultaneous optimization tools available under FOQUS platform 
while considering several design variables and sub -system models

Å Identified CFB and plant designs that have potential to achieve 

lower cost of electricity

ÅCoal -fired CFB heat source coupled to sCO 2 power 

cycles can be economically attractive compared to PC -
fired Rankine plants
ÅRecompression cycle with reheat offered highest plant 

efficiency and lowest COE for both capture and non -
capture plants
ÅPartial cooling cycles had higher COEs for Midwest ISO 

ambient conditions but are expected to outperform 
recompression cycles at higher ambient temperatures
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Highlights

Justification

Outcomes

Optimized Performance and Cost for Indirect sCO2 Coal Plants

Ref: After - Optimized Performance and Cost Potential for Exemplar Indirect sCO2 Coal Plants 
Final Results Presentation, MESA Activity 201.005, Sub-activity 19
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ÅRelative to the steam Rankine 
cycles:
ƎAt 620 ÁC, sCO 2 cycles are 1.1 ð3.2 

percentage points higher in efficiency

ƎAt 760 ÁC, sCO 2 cycles are 2.6 ð4.3 
percentage points higher

ÅThe addition of reheat improves sCO 2
cycle efficiency by 1.3 ð1.5 
percentage points

ÅThe addition of main compressor 
intercooling improves efficiency by 
0.4 ð0.6 percentage points
ƎMain compressor intercooling reduces 

compressor power requirements for both
the main and bypass compressors

Summary of Overall Plant HHV Efficiencies
Oxy-CFB with steam Rankin cycle VS sCO 2 modified recompression Brayton Cycles
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Power Summary (MW) B22F Base IC Reheat Reheat+IC

Coal Thermal Input 1,635 1,586 1,557 1,519 1,494

Turbine Power 721 1,006 933 980 913

CO2 Main Compressor 160 154 148 142

CO2 Bypass Compressor 124 60 117 58

Net Cycle Power 721 711 708 704 702

Air Separation Unit 85 83 81 79 78

Carbon Purification Unit 60 56 55 54 53

Total Auxiliaries, MWe 171 161 158 154 152

Net Power, MWe 550 550 550 550 550
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ÅNote that there is significant uncertainty
in the CFB and sCO 2 component capital 
costs ( -15% to +50%)
ƎLarge capital cost uncertainties being                                                                               

addressed via external projects:
ʄsCO2 turbine (GE -GR)
ʄRecuperators (Thar Energy)
ʄPrimary heat exchanger (EPRI)

ÅsCO2 cases have comparable COE to 
steam Rankine plant at 620 �ƒC, but 
reduced COE for 760 �ƒC cases

ÅMain compressor intercooling improves COE 2.2 ð3.5 $/MWh
ƎLow cost means of reducing sCO 2 cycle mass flow

ÅReheat reduces the COE for the 620 �ƒC cases, but increases COE for turbine 
inlet temperatures of 760 �ƒC
ƎDue to the high cost of materials for the reheat portions of the cycle in 760 ÁC cases 

Summary of COE (w/o CO 2 T&S)
Steam Rankine vs. sCO 2 Cases

Source: NETL


